SSME FMEAICIL
REDUNDANCY SCREEN

Rission abort may et when hydraalic lacdop cecurs durng man @ tirettling
Fedundancy Screans: IGMITER SYSTEM: LIKE RECKIMDAKGCY

& Pase - Racundanl hardware Nema ere capabh of c-eghou during ngrmzl groedse o em as nd.
B: Pass - Lass of a redundanl hardwarm ilems s detectable dunng Might.
£: Pass - Losy al redundant hargware llems could not result ram 3 single credlbhe event.

Cotrtponent Group: ltniters end Sengors Frepanad: M. Qlivar
CIL llem: G106-01 Approved; T. Nguyen
Component: Jpark Igniter Appraval Data: a/1p/o9
Part Numbker: RSM3EE5/RO0T 2000 Change #; z
Fallurs Mode: Igriitar faila to apark/weak or low spark rata Olreclive 4! CCED ME].H-d892
Fago: 1ef 1
Criteamy
Phase Famure FElfast Do tonol on Hazard Rafarenca
s Failure alhell chanel A and channel B FPQ gnears causry preburner gases nallo ignile. This resuits in fuel pump speed In ba haloy ik
4.2 redine value and comrellen irnated argine shobawn  Oxidizer egh gpasal on Misslen sooub Losx of vehbels dug 1o LO%-rich GEBRrathn ME-BES
ey et failure ‘o esiattish Liel peburner griton Is not etected
Redundancy Scvrevns. FIGMITER, STETEM - SENSOR STSTEM: UNLIKE REDUNDANCY
&, Pass - Redundan hardemig kems are capable of checkod durlrg narmal graund W rrasound.
B. Pass - Lasa of a rasdundani hardware Rems i detnclabde during flight.
G Fass - Loss of redundant hardware itsms cow'd nel resull frorm a aing e credibhs svanl,
B Fakure aof buth channel A and channel B MCC igniters causirg main chamber gaszes nol's grde, Low mal shamber pressure resulls ik IR
44 tailure to aafiafy ignitian confirmed limits and contreller Initaled sngine shuldown. Mission scrub. Loss of wehicle dusa 1o ekidzer dust ME-C3S
Tupture may resull ¥ falfure [0 earablish BOG ignition iz not datactad.
o Redundancy Screens |GHITER SYSTEM - SENSCR SYSTEM: UMLIKE BEDUNOANDY
i A Fass « Fedundant hardwers itema arm capable of checkoot during nermal graund turparewnd
- B Pass - Loss of 8 redund Bril haidwae items |5 detedalie during Tight.
C: Pags - Loay of isdundant hardware ikems eoubd rot result fra v a singlz craditin ¢vent,
| Electranle dearadzlion i one ar maca igniers on bodh ehanned A and shannst B may cause shering af e 26 VDO powar suppty In ona ar R
432 aoth ganirgller chanaals and de-enevglzing all acluzicr fallsate swilches. Contrgler nitlates hydraulic fackup and 2 MCF [ndieatlon. ME-Sah)
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SEME  EA/CIL

h DESIGN
Component Group: lgritara and Sepsors Freparad: M. Ollvar
CIL itermn: G108-M : Apprevad: T. Hguyen
Campanent: Spark lgniter Approval Date: 33099
Part Humber: RIMNIABSRO01 3000 Chenpe # F
Failure Modn: tgniter falla ta sparkineak or low spark rate. j Directlva & CCB0 MEZ-0] 4454

Fage: 1of 1

Dasign / Gocurmenl Releienos

FAILURE CAUSE:  A: Fallura of excltar #lactronls clreult.

ELECTRONIC, ELECTRICAL, AMD ELECTROMECHAMICAL PARTS FOR THE CIRGUITS INVOLVED IN THIS FUNGTION H4VE BEEM SELECTED FROMM THE CLASS S OR EQUNALENT
APPROVED PARTS SELECTION (1). THE IGNITER ELECTRONIC S ARE ENCAPSULATED AND HERMETICALLY SEALED M THE IGHITER BOOY (2. THE ENCAPSULATION PROVIDES
EXTRA INSLLATION AND HELPS PREVENT VIERATION SR CORROSIOH RELATED FAILURES. . '

(11 BERID3G2E: {2y RLOJO3Y ¢ RLODTSEA
FAILLURE CAURE: B Breakdown of sperk plug irswlalion or vracked caramie.

PRIVARY INSULATION MATERIAL 1S ALUMINA CERAMIC (1), SECONDARY MATERIAL IS BERYLIUM CERAMIC (2}, BOTH HAVE GRADE INDEXES [N AGCORDANCE INITH GAVERNMENT
STANOARDS (1. 2) THESE MATERIALS HAVE HIGH FLEXURAL STRENGTH AND HIGH ELECTRICAL INSULATION PROPERTIES, CERTAIN GRACKS IN THE CERAMIG ARE ACCEPTABLE
FER. SPEGIFICATION (3).

(1 RE0026A7-007 * RM14013-3; (2} ASCOMET-039 § ADD1AH 2-3; (3} RLDO25E
FAILURE GALISE: T; Pug tip eraslon. '

THE DESIGN OF THE ELECTRICAL IGNITION SUBSYSTEM PROMDES FOR DUAL SPARK IGNITION SOURGES SO THAT NO SINGLE POIMT FAILURE SHALL RESLLT IN THE LOSS OF
ENGMNE 1NTICH SURCE (1) EACH IGHITER SPARK PLUG ASSEMBLY INCORPORATES A DUAL SPARK GAP DIESIGN {2). THE OUAL SFARK QAP OCCURS FROM THE FRIMARY
ELECTRODE TO THE SECONDARY ELECTRODE, AND FROM THE SECONOARY ELECTRODE, TO THE SPARK FLUG CASE THIS ELIMINATES SPARK LOSS DUE TO GROLNDING OF
SECUNDARY ELECTRODE TO CASE, OR SHORTING GF PRIMARY ELECTRODE TO SECONDARY. SURFACE PITTING OR QISCOLORATION |B ALLOWED BY SFECIFICATION {3), IGNITER
TIP EROZICH 1T CAUSED BY LOCALIZED THERMAL STRESS DURING EHGIME MAIMSTAGE OFERATION. THIS LOCAL THER:MAL STRESS DOES MOT EXHST DURING THE START PHASE,
ISHTIQN MUST CCCGUR PRICR TO T ERQSNIN FAILURE.

[1] QW3 -E5ME.2D3 F ECP F1TRT, (1 REQQISET / RCHA010: (3) RLLO20S
FAILURE CAUSE: D: Maisture.

THE ENGIME SYSTEM INCORPORATES 4 BYSTEME PURGE TO ELIMINATE COMDENSATION IN THE AS| CONPONEMTS. THE FUNCTION OF THE SPARK 1GMITER IS COMPLETED AFTER
START. QUENCHING OR PLOCGDING DUE TC MOISTURE CREATED FROM HOT FIRE WALL NOT EFFECT THE IGNITER FURCTION,

FAILURE CALSE: E: Chanpa of Inlernal reslsiznca caused by molstums, coregalan, or eontaminatia i,

IGMITERS ARE HERMETICALLY SEALED TO PROTECT FROM CONTAMINATION. A BACK FILL OF THE IGNITER CAVITY 1S DONE TO INGORPORATE AN INERT PURGE. PREVENTING
CARRGIION QR CONDENSATICN IN THE IGNITER. LEAK RATE REQUIREMENTS ARE CONTROLLED PER SPECIFICATION TO PREVENT INDUGTANCE OF FOREIGH SUBSTANGES AND
FREVENT LOSS OF THE INERT 5AS BACKFILL. INTERNAL POTTING, YARNISHING, AND COATING YWATH ADHESIVE PROTECTS FROM INTERMAL CORROSION (1),

DEZIGH VERIFICATION TESTING (2) HAS BEEN COMFPLETED, IMGLUDING THERMAL, AND VIBRAT KON 1ESTING (3). MIGH CYCLE AND LOW CYCLE FATIQUE LIFE, A% WELL A% THE
MINIMURE FACTORS OF SAFETY FOR THE IGMITER MEET CEI REQUIREMEMTS (4), \ .
. 1

{1) RLODO M # PLDDZS1

{2y VS-S SME-208 / WRE-321; (3} ASS-205-4 / WRS-321; [d) RLOUSIZ, CPIZOROCOIG, RS S-B54E



SSME FMEAICHL
INSPECTION AND TEST
Componant Group: Ignllers and Sensors . Prepared: M. Dilver
CIL e Gr100-m Approved: T. Hpuyen
Componanl: Spark Ignher : Approval Cate: 3130199
Fart Humber: RS00 6850011000 Change #: 2
Fallure Moda: lgniter faflg to sparkivesk or low spark rate. Diracibva #: CCRD MER-01 4884
Page: 1ol 3
1
Fa: e Causes dign'ticarl Charaelanstics Iagect onis) f Tesl|s) Dozumant Raferencs
A SPARK, ICHITER FS001685 ) RO13000
FOWER MODILLE R2A0320E F 477-5001-
. 011
INTEGRITY OF PROCESSES USED IN THE CIRCUIT WANUFACTLRE AND ASSEMBLY ARE WERIFIED PER . FL 10008
CLECTROMICS SPECIFICATION AND INGELDF:; ’ RADXIGAS F AO0Y 3000
- SCLOERING OF ELECTRICAL COMNECTIONS. RAAG0A-00%
+ ELECTRICAL BOMIING OF POWER MODULE TO CASE, RAT 106010

- ERCAPSULATION OF ELECTRONIC COMPONENTS (TWD METHODS),

PERFORMANLUE TESTS ARE PERFORMED QN THE |GNITER POWER MODULE PRIOR. TR ABBEMELY  HLDOHD
INTO THE CASE: RLOG1 1=
- MATCHED SET 5F| ECTION OF CRITICAL COMPONENTS FOR OPTIMUM CIRCLUNT PERFORMANCE, RLOA116
- CONTINUITY VERIFICATION BETWEEN ELECT RONKC COMPONENTS AKD THER CIRCUIT PATHS, ALOG1 12
- IGHITER POMNER SUPPLY CURRENT TEST. THIS VERIFIES THAT THE POWER MODULE WILL NOT  REDO119

DRAW MORE CURRENT THAN THE ENGINE CONTROLLER CAN SUFFLY. RLOD112
-CRMICAL COMPONENT OPERATION, THIS TEST VERIFIES THE OPERATION OF EACH CRITICAL

Q] ELECTROMIC COMFONENT AFTER CIRCUNT ASSENELY,

I - IGNITER MOMTOR OQUTPUT WAVEFORM |3 VERIEIED TO BE I THIN SFECIFICAT QM.

O - TEMPERATURE STABILITY TESTS. IGMITER POWER MOOLLE 12 TESTED FOR DPERATION
DURIME THERMAL Y CLE.
FERFORMAMCE TESTS ARE PERFORMED ON THE IGNITER HYBRID POVWER RODULE PRIOR TG RCATT-50Mm
ASSEMBLY IN THE CASE. RCA7I-50M
- ELECTRICAL MEASUREMENTS. RC47 7 5001
- TEMPEATURE CYCLING. : AC4y7-5001
-ACCELERATION, ' RE4TT-5001

- POWER BURN-IM. : RCa7?-50H

- RAIOGRAFHIL [MEREC TIOH, RCAT7-S0MH
- PARTICLE IMPACT NOISE DETECTION RCA77-5001

- 5EAL LEAK TEST
- INTERMAL WATER WAPOR COMTEMT.
1

THE FOLL (AMING TESTS ARE PERFORMED PRIOR To ENCAPSULATION (FIRST ASSEMBLY TESTY RLOMOIT { RLODTEY
- INSULATION RESISTANGE BETWEEN COMPONENTS 1S VERIFIED TG BE WITHIN SPECIFICATION, RLAI03

- CIRCUIT PATH CONTINUITY VERINICAT ION IS PERFORMED. RLODGAY ¢ RLED7EI
- IGNITER INPUT CURRENT IS MEASLIRED AWND VERIFIED T BE WITHIN ENBIME CONTROLLER RLOGER3T § RLOOTE
FEQUIREMENTE, RLOCOX f RLO0TE
- ™HE MONITOR OUTPUT IS TESTED FOR AMPLITUDE AND WAVE FORM AND WERIFIES TO BE ALI0J31 Y RLOGTEY
WITHIN SPECIFICATION. RLOOGY1 ! RLOGTEL
« COMRAND INPUT CURRENT {8 MEASURED AND VERIFIED TO BE WITHIM ENGINE CONTROLLER

REQUIBEMEMNTS.

- THE DELIVERED SPARK ENERGY 1§ VERIFIEE TO BE WITHIN REQUIREMENTS.
- QUENCHEC AND POST QUENCHED OPERATION IS VERIFIED. THEZE TESTS VERIFY THE SPARK
SUPPRESSIGN UNDER PRESSUIRE LUADS. '



Compane up: Iqrilers and Sersars Prapared; M. Cliw

CIL Mem. Gion-1m Approved: T. Hpuyes,
Componant;: Spark Ignilter Approval Dalg: W aoisg
Fart Numher: RS0016B5/RIM I 00 Chanpge #: 2
Fallure Maode: Ignilter falls [ sparkiwenk or low spark rata. Diraciiva 4: CCBD WE3-01.4904 *
Page: 2qf 3
Fa lwra Causes Slgnificant Charazbarletios . Inapectioiws} ! Tesls) Dacumant Referencs
A, INTEGRITY oF AFTER THE IGNITER EODY IS INSTALLED, A LEAK TEST IS PERFORMED 10O VER|IEY INTEGRITY. RLOCDM ! RLOOFET
ELECTROMICS THIS FROTECTS AGAINST MOISTURE OR GONTAMINATION ENTERING THE |G NITER.
B EMARK PLUG REMO3GEAT fF ROB1A010
PRIBARY INSULATOR . REM03GAT-A0T
SECONDARY INSULATOR RMI14313.3
RSM0IBHT-030
) ROC1AG 2.3
ASEEMALY TESTING THE FOLLCWING TESTS ARE PERFORMED PRIDR T0 SASE INS TALLATION: . RENO3EST F RO014010
- PROGF PRESSLIRE TESTS ARE PERFORMED 0N THE SPARK PLUG TO CHEGK, FOR ALNCD3E S RLOOTEY

UMACLERTABLE CERAMIC DEFECTS.
- FUNCTIONAL TEST IS PERFORMED AFTER FINAL ASSENELY [(SAME AS PRE-ENCAPSULATION
TESTE} [SECOND ASSEMBLY TEST).

THE CERAMIC INEULATORS ARE VISUALLY WNSPECTED FOR CRARKS OR CHIES PMDVERIFIEG TO  RLOOZEA
OE WITHIN SPECIFISATION,

e £LECTRODE . RSCO667.017 {
: RO 0TA3
RSO0YSEF-07 /
ROC4017-3
TIPINTEGRITY MINOR EROSION TO THE GORPER FAGE AND CRACKS IN THE CERAMIC ARE INSPECTED PER RLODZOG
SPECIFICATION REQUREMENTS.
IGNITER TIPS ARE INSPECTED FOR ERDSION EVERY MISSION FLOW. OMRSD Y4 (2L 040
o  SYSTEMDRVING THE SSME PROPELI ANT SYSTEM IS DRIED AND VERIFIED DRY AFTER EAGH FLIGHT. OMRSD 41080 DEa
' OMRSD v 1080081,
OMRED V4 1CED. 0a2
DMR3D V4 1080.083
THE ASI SYSTEM IS MAINTAINED DR¥ DURING PROPELLANT GONDITIONING FER CMRSD OMRED S00FA0.300
REQUIREMENTS.
E SPARK IGNITER : ] RSO03685 ! ADGTAEA
HERMATIC SEAL INTEGRITY - CLEANLINESS REGUIRMENTS ARE VERIFIED PER SPECIFICATION DURING MANUFACTURING OF  RLOOO41 # RLODTE
THE 1GNITERS,

AFTER THE CASE {18 WELDED, HELIUN LEAK TESTS ARE PEREORMED T VERIFY HERMATIC SEAL

SPARK IGMITER RE0035585 f RIN13000

IGMITER INTEGR|TY AFTER FINAL ASSCMEBLY, THE IGHITER 15 FUNCTHOMAL TESTERD [SAME A3 PRE-EMCARSULATHIN RLO0031 f RLEOTEY
TESTSR) (THIRD ASSEMBLY TEST).

PRE-FLIGHT CHECKOUT ALL IGHITER DATA FROM THE FREVIOUS FLIGHT OR CREEN RUN 15 REVIEWED. ANY AMORMALOUS MERS PLM 1228
CONDITION NOTED REGUIRES FURTHER TESTING OF HARDWARE REPLAC EMENT PRICF: TO THE RLOO461
MEXT FLIGHT.

ALL CAUSES
I



Companant Group: {griltars end Senaors

Prupara: it Qliver
Gl tam: G100-01 Approvad: T. Mguyan
Carm panant: Spark Ignker " Approval Dam: Ao
Part Number: RSN03EES/ROA13000 ' Change # 2
Fallure Madk: Ignfter falls 1o sparkiweak or low spark rata. . Directive § CCBE ME3.L1-499d4
1
Papa: Iot 1
Farure Causes Emnifcant Characieristica . Inspectionfe) f Tests) Dhoci et Refarm pes
ALL CALSES PRE-FLISHT CHECKOUT IGHITER QCERATION |15 VERIFIED EVERY MISSION FLOVY AND AFTER ANY REPLACEKENT BY

Fallure Histony;

Oparalignal Use:

G-9

CONTROLLER ELECTRICAL CHECKOLTS
- KGHITER, CHECKOUT, (LAST TEST)

OMRSC 300FA0.213

Carpeehe -sive Tallure histery data is maictainad m the Proklem Rep crling database |PRAMS/PRACA)
Relerence: MASA letter SAZ1E 3300 and Rocketdyne leller BERCOSTE
Met Applicable,



